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MIT	  LAr	  Studies	  Program	  

•  We	  have	  performed	  both	  experiment-‐specific	  
and	  generic	  R&D	  with	  the	  Bo	  high	  purity	  test	  
stand	  over	  the	  past	  2	  years	  

•  We	  are	  responsible	  for	  the	  light	  detecTon	  system	  
in	  MicroBooNE	  

•  We	  first	  proposed	  LAr	  light	  guide	  detectors,	  
which	  are	  integral	  to	  the	  LBNE	  reference	  design	  

4	  

arXiv:1101.3013v1	  [physics.ins-‐det]	  	  
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Why	  Bo	  at	  the	  PAB	  is	  important	  
•  Bo	  reliably	  delivers	  high	  purity	  argon	  as	  will	  be	  seen	  in	  LAr-‐

based	  parTcle	  physics	  detectors	  

•  Bo	  is	  a	  stable	  (closed)	  system,	  which	  allows	  the	  injecTon	  of	  
contaminants	  and	  dopants	  for	  study	  

•  Bo	  (Tall	  Bo)	  is	  the	  right	  size	  to	  study	  light	  detecTon	  with	  8”	  
PMTs	  and	  O(1	  m)	  light	  guides	  

•  ExperTse	  of	  scienTsts,	  engineers,	  and	  technicians	  at	  PAB	  
allow	  us	  to	  constantly	  extend	  Bo’s	  capabiliTes	  to	  meet	  the	  
needs	  of	  ongoing	  R&D	  efforts	  
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μBooNE	  R&D	  



PMT	  VerTcal	  Slice	  Test	  

Bo	  was	  used	  to	  develop	  a	  full	  verTcal	  slice	  of	  
the	  μBooNE	  opTcal	  system,	  including:	  
	  
•  8”	  PMT,	  base,	  mount,	  and	  wavelength	  

shifing	  plate	  
•  PMT	  cables	  and	  feed	  through	  
•  PMT	  spliger	  
•  High	  voltage	  +	  interlocks	  
•  Readout	  electronics	  

This	  was	  an	  incredibly	  valuable	  resource	  for	  
the	  development	  of	  a	  new	  LAr	  opTcal	  
system	  and	  led	  to	  tweaks	  in	  the	  design	  of	  
almost	  every	  item	  on	  the	  above	  list	  
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Quantum	  Efficiency	  Studies	  

128	  nm	  light	  

450	  nm	  light	  

210Po	  source	  serves	  
as	  standard	  candle	  
(5.3	  MeV	  alpha)	  

Light	  yield	  incident	  on	  TPB	  plate	  predicted	  from	  known	  LAr	  
light	  yield,	  alpha	  energy,	  and	  solid	  angle	  subtended	  by	  plate	  
	  
Measured	  photo	  electrons	  then	  gives	  global	  efficiency	  
(photoelectrons/incident	  photon)	  for	  input	  to	  MC	  

TPB-‐coated	  
acrylic	  plate	  

Can	  use	  this	  technique	  for	  other	  opTcal	  detectors	  as	  well	   9	  10/30/14	  



Nitrogen	  ContaminaTon	  in	  LAr	  



Two	  disTnct	  effects	  on	  light	  collecTon	  

•  LAr	  scinTllaTon	  light	  producTon	  may	  be	  
quenched	  by	  impuriTes	  
	  

	  
•  LAr	  scinTllaTon	  light	  en	  route	  to	  a	  
photo-‐detector	  may	  be	  absorbed	  by	  
impuriTes	  in	  the	  bulk	  material	  

	  No	  measurements	  of	  this	  existed!	  

R	  Acciarri	  et	  al	  2010	  JINST	  5	  P06003	  
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The	  Experiment	  Setup	  

Inject	  controlled	  quanTTes	  of	  Nitrogen	  in	  Bo	  and	  look	  for:	  
•  Differences	  in	  the	  relaTve	  amount	  of	  light	  seen	  from	  a	  mono-‐energeTc	  alpha	  

source	  as	  a	  funcTon	  of	  Nitrogen	  concentraTon	  for	  2	  source-‐detector	  distances	  
12	  

5.3	  MeV	  alpha	  
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Infrastructure	  Built	  at	  PAB	  for	  this	  Study	  
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Peak	  of	  pulse	  area	  distribuTons	  decreases	  
as	  a	  funcTon	  of	  nitrogen	  concentraTon	  

37	  ppb	  
3.7	  ppm	  
7.4	  ppm	  
15.5	  ppm	  
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For	  a	  given	  nitrogen	  concentraTon,	  quenching	  has	  
the	  same	  effect	  on	  both	  source	  configuraTons	  

The	  fact	  that	  the	  two	  curves	  diverge	  tells	  us	  there	  is	  
a	  distance-‐dependent	  light	  loss	  mechanism	  at	  play	  
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RelaTvely	  loose	  purity	  specificaTons	  of	  ppm-‐level	  
nitrogen	  contaminaTon	  required	  by	  current-‐	  and	  
next-‐generaTon	  LAr	  parTcle	  physics	  experiments	  

B	  J	  P	  Jones	  et	  al	  2013	  JINST	  8	  P07011	  	  
B	  J	  P	  Jones	  et	  al	  2013	  JINST	  8	  E09001	  

$$$$	   $	   16	  10/30/14	  



Argon/Methane	  Mixtures	  



Why	  Study	  Light	  ProducTon	  in	  CH4-‐
doped	  LAr?	  

•  Long	  electron	  drif	  distances	  demonstrated	  
for	  CH4	  concentraTons	  of	  several	  %	  

•  Introduces	  inverse-‐beta-‐decay	  interacTon	  
channel	  (	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  
•  PotenTally	  broadens	  low-‐energy	  

neutrino	  physics	  program	  of	  LArTPCs	  

•  Some	  evidence	  in	  the	  literature	  that	  CH4	  
may	  act	  as	  a	  wavelength-‐shifer	  

•  May	  provide	  an	  important	  input	  for	  LAr-‐
based	  dark	  mager	  detectors	  that	  produce	  
Ar	  from	  underground	  CO2	  wells	  and	  rely	  on	  
light	  collecTon	  

ν e + p→ e+ + n

arXiv:1204.6024v2	  [astro-‐ph.IM]	  	  
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The	  Experiment	  Setup	  

Inject	  controlled	  quanTTes	  of	  CH4	  in	  Bo	  and	  look	  for:	  
1.  Quenching	  and/or	  absorpTon	  of	  LAr	  scinTllaTon	  light	  
2.  LAr	  scinTllaTon	  light	  wavelength-‐shifed	  to	  visible	  light	   19	  10/30/14	  



Leveraging	  Infrastructure	  
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•  For	  detectors	  larger	  than	  O(1	  cm),	  CH4	  concentraTon	  should	  be	  <	  O(100)	  ppb	  to	  
limit	  absorpTon	  losses	  to	  less	  than	  a	  few	  percent	  

•  Quenching	  is	  also	  at	  observed,	  but	  is	  subdominant	  
•  No	  significant	  amount	  of	  LAr	  scinTllaTon	  light	  is	  wavelength-‐shifed	  to	  visible	  

B	  J	  P	  Jones	  et	  al	  2013	  JINST	  8	  P12015	  
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Argon/Xenon	  Mixtures	  



Adding	  O(10	  -‐100	  ppm)	  Xe	  to	  LAr	  

•  Shifs	  light	  to	  earlier	  Tmes	  
–  Roughly	  3/4	  of	  the	  LAr	  scinTllaTon	  light	  produced	  by	  a	  MIP	  is	  in	  
the	  slow	  component	  with	  τ	  =	  1.6	  μs	  

–  Doping	  with	  Xe	  shifs	  the	  Tme	  scale	  of	  this	  slow	  component	  
from	  O(1	  μs)	  à	  O(10	  ns)	  
Ø 	  Easier	  to	  collect	  in	  a	  neutrino	  LArTPC	  

	  
•  Wavelength-‐shifs	  light	  to	  175	  nm	  

–  At	  concentraTons	  of	  O(100	  ppm)	  LAr	  scinTllaTon	  (late)	  light	  is	  
converted	  to	  175	  nm	  
Ø 	  More	  efficient	  detecTon	  

•  We	  have	  already	  made	  one	  agempt	  to	  inject	  Xe	  in	  Bo,	  and	  
we	  would	  like	  to	  pursue	  this	  further	  	  
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222Rn	  Tracing	  in	  LAr	  



Mapping	  LAr	  Flows	  

Ion	  concentraTon	  for	  velocity	  field	  (fluid	  velocity	  +	  drif	  velocity	  of	  8	  mm/sec)	  

E.	  Voirin,	  
for	  μBooNE	  
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222Rn	  Tracing	  
•  A	  new	  technique	  to	  map	  flows	  in	  a	  neutrino	  LArTPCs	  	  	  
•  Inject	  222Rn	  into	  detector	  and	  look	  for	  correlated	  

222Rn-‐218Po	  decays	  
–  Reconstruct	  posiTons	  to	  measure	  flow	  

	  	  
	  	  
	  	  
	  	  
	  	  
	  	  
	  

	  

222Rn!218Po	  	  	  
5.48MeV	  alpha	  
3.8	  days	  
	  
218Po!214Pb	  
6MeV	  alpha	  
3	  minutes	  

Short-‐	  
lived	  

Long-‐	  
lived	  

These	  will	  remain	  in	  your	  
detector,	  but	  accelerator-‐
based	  neutrino	  experiments	  
only	  require	  negligible	  
background	  in	  beam	  window	  
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We	  would	  like	  to	  test	  this	  idea	  in	  Bo	  

•  New	  infrastructure	  is	  required	  
– Field	  cage	  (for	  drif)	  
– Array	  of	  SiPMs	  (for	  posiTon	  reconstrucTon)	  
– Radon	  injecTon	  system	  

•  We	  have	  already	  located	  enough	  Ra	  at	  FNAL	  
to	  generate	  enough	  222Rn	  for	  this	  test!	  
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Rayleigh	  Scagering	  



In	  Large	  ν	  LArTPCs	  Rayleigh	  Scagering	  is	  Important	  	  

N.	  Ishida,	  et.	  al.	  NIM	  A384	  (1997)	  380-‐386.	  

Predicted	  to	  be	  90	  cm	  ±	  35%,	  which	  is	  in	  rough	  agreement	  with	  the	  data	  

G.	  Seidel,	  et.	  al.	  NIM	  A489	  (2002)	  189-‐194	  
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Measuring	  Scagering	  Lengths	  in	  LAr	  
•  We	  would	  like	  to	  study	  scagering	  lengths	  and	  angular	  distribuTons	  

under	  known	  purity	  condiTons	  in	  Bo	  
•  We	  need	  a	  lif	  system	  to	  remotely	  arTculate	  sources	  inside	  Bo	  	  

–  This	  a	  general-‐purpose	  tool	  useful	  for	  many	  future	  LAr	  studies	  
–  Design	  by	  C.	  Kenziora	  based	  off	  of	  system	  used	  in	  Luke	  

	  	  
	  
	  	  
	  
	  	  
	  
	  	  
	  	  
	  	  
	  	  
	  	  

We	  submiged	  an	  NSF	  grant	  proposal	  to	  study	  this	  in	  Bo	  	  	   31	  10/30/14	  



Light	  Guide	  AgenuaTon	  Length	  Studies	  



  

LAr, visible  n=1.23

acrylic n=1.49

Lightguides – a couple of reminders of what we 

are doing:

Testing various lightguide materials and coating

Methods in Lar using Po 210 alpha source.

Light produced within the coating on an acrylic

Bar may be trapped and transported by total

Internal reflection.

A little history...

LAr	  128	  nm	  
scinTllaTon	  light	  

In	  large	  neutrino	  LArTPCs	  thin	  profile	  photo-‐detectors	  
are	  desirable	  to	  maximize	  TPC	  acTve	  regions	  

SiPM	  /	  
PMT	  

LAr	  scinTllaTon	  light	  is	  collected	  by	  light	  guides	  coated	  
with	  wavelength-‐shifer	  coupled	  to	  photo-‐detectors	  

Visible	  light	  
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AgenuaTon	  Length	  Measurement	  

Tall	  Bo	  

210Po	  sources	  SiPMs	  
(trigger)	  

2”	  Cryogenic	  PMT	  TPB-‐coated	  
light	  guide	  

•  We	  would	  like	  to	  measure	  this	  with	  known	  purity	  condiTons	  in	  Bo	  
-  Lif	  system	  would	  provide	  the	  best	  measurement	  capabiliTes	  

•  Can	  also	  study	  the	  effects	  of	  cryo-‐cycling	  on	  light	  guides	  
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LBNE	  

LAr1-‐ND	  

μBooNE	  

DarkSide	  

Nitrogen	  
contaminaTon	  

in	  LAr	  

Light	  Guide	  
AgenuaTon	  

Length	  Studies	  

Rayleigh	  
Scagering	  

LAr	  ScinTllaTon	  
Light	  Time	  
Constants	  

Argon/Xenon	  
Mixtures	  

Argon/Methane	  
Mixtures	  

μBooNE	  R&D	  
222Rn	  Tracing	  in	  

LAr	  

Summary	  of	  Our	  Program	  
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Papers	  that	  would	  not	  have	  been	  wrigen,	  
if	  we	  had	  not	  had	  access	  to	  the	  test	  stands	  at	  PAB	  to	  do	  R&D:	  

Published	  
Papers	  

Whitepaper	  
for	  LIDINE	  

LIDINE	  
Proceedings	  
(Peer	  
Reviewed)	  



This	  was	  a	  very	  successful	  conference	  on	  light	  collecTon	  in	  noble	  elements,	  
held	  here	  at	  Fermilab,	  	  that	  featured	  work	  from	  PAB,	  
and	  included	  a	  tour	  of	  PAB	  	  

This	  facility	  is	  important	  to	  the	  community	  
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Final	  Thoughts	  

•  The	  Bo	  high	  purity	  LAr	  test	  stand	  has	  been	  an	  
invaluable	  resource	  for	  us	  

•  Bo	  played	  a	  crucial	  role	  in	  the	  development	  and	  shake-‐
down	  of	  the	  μBooNE	  PMT	  system	  

•  We	  are	  generaTng	  important	  physics	  results,	  which	  are	  
relevant	  for	  both	  future	  ν	  LArTPC	  experiments	  and	  
dark	  mager	  experiments	  

•  The	  resources	  at	  PAB	  are	  instrumental	  to	  the	  present	  
and	  future	  success	  of	  the	  LAr	  community.	  	  
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